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An investigation of near-bottom currents in the head of 
Monterey Submarine Canyon was conducted between March 1967 
and May 1968. Continuous observations of water temperature, 
current speed and direction were obtained over periods rang- 
ing from 5 hours to 162 hours using an in situ Savonius 
rotor current measuring system. Basic statistical paramet- 
ers and power spectra were calculated for each record. These 
revealed an average eartané speed of about 0.23 knots (stan- 
dard deviation of 0.17 knots), and a current direction which — 
indicates flow reversals predominantly along the canyon axis. 
Current and water temperature oscillations indicated a 
strong semidiurnal component. Water temperature changes also “ 
showed seasonal variation that agrees with the seasonal 


means of the region. Current speeds as high as 1 knot were 


measured. 
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JL 6G INTRODUCTION 
Purpose of this Investigation 

This investigation was undertaken in order to accurate- 
ly measure the velocity of near-bottom currents in the Mon- 
terey Submarine Canyon. In the past, quantitative knowledge 
of the water motion within submarine canyons has been ob- 
tained, almost exclusively, using Ekman type current meters. 
Continuous recordings of currents in canyons over several 
day periods are conspicuously missing from present day 
oceanographic knowledge. This paper presents the results 
obtained from continuous recording Savonius current meters, 
placed 15 meters above the bottom in depths of 125 to 165 
meters at the head of the Monterey Submarine Canyon. 
Background. 

The factors influencing current motions in submarine 
canyons have been little studied even though a few investi- 
gators have succeeded in obtaining accurate velocity measure- 
ments. Stetson (1936), using an Ekman type meter, made 
direct current measurements in three canyons on the Georges 
Bank. His observations showed that the canyon currents had 
a predominantly tidal character. 

Currents between .2 and 1.25 meters above the bottom 
of several Southern California canyons were measured by 
Shepard, Revelle, and Dietz (1939) using an Ekman type cur- 
rent meter. While the main purpose of the latter investiga- 
tors was to determine the maximum currents in the canyons, 
they did note that, although exhibiting some tidal components, 


the bottom currents appeared to be non-tidal in character. 


ii 


In later investigations of the Scripps Canyon, Shepard has 
reported currents as high as 10 cm/sec flowing in a down- 
canyon direction. Possible explanations of the origin of 
the currents are surf beat, or internal waves, or possibly 
seaward return flow of water carried inshore by swell 
(Shepard, et al,1964). 

Gatje and Pizinger (1965) reported current speeds as 
high as 0.8 knotrat 4.8 meters above the bottom of Monterey 
Canyon. Using an Ekman type current meter, they observed 
that the currents follow the canyon axes with a seaward 


(down-canyon) flow during the rising tide, and a coastward 


(up-canyon) flow during the falling tide. 
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‘Figure 1. ‘ionterey Bay Region 
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ITI. AREA OF INVESTIGATION 


Topography of Monterey Bay 


Figure 1. shows the Monterey Bay Region and the bathy- 
metry of the Bay and Canyon. Monterey Bay is in open com- 
munication with the Pacific Ocean and is subject to the 
oceanic variations of the California current. The bottom 
of the Bay is cut by a massive canyon system which extends 
from the Canyon head, one mile off the coast at Moss Landing, 
to a depth of 3000 meters at a point 50 miles to seaward. 

The canyon has two major tributaries. The seven mile long 

Soquel Canyon enters from the north at a depth of 950 met- 

ers. Carmel Canyon, 16 miles in length, joins from the 

south at a depth of 2000 meters. The relatively shallow na 
shelves to the north and south of the Monterey Canyon slope 

gently seaward. The side slopes of the Canyon range from 

5 degrees to 34 degrees with an axial gradient of 8.5 de- 

grees at the ee decreasing irregularly to 0.5 degrees 

30 miles to seaward. (Martin and Emery, 1967) 

Topography of the Canyon Head 

A more detailed picture of the topography of the Can- 
yon Head is shown in Figure 2. The fairly uniform channel 
at the base of the V-shaped canyon starts’: to broaden at 
about 90 fathoms while maintaining a 3.5 degree axial grad- 
lent up into the head of the canyon. At a depth of 65 mi 
fathoms the channel splits into a north and south fork while 
the axial gradient steepens to about 8.5 degrees. These 


two channels continue east roughly parallel up to the 5 


14 


fathom contour. The Canyon head is about 450 meters wide 
and 750 meters in length from the 5 fathom contour to the 
beginning of the well defined channel at 90 fathoms. The 
Canyon comes into the shore near the breakwater at Moss 
Landing. The canyon axis between 65 and 90 fathoms roughly 


trends 070-250 degrees true. 
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FIGURE 2. TOPOGRAPHY OF THE CANYON HEAD 


III. OBSERVATION PROCEDURES AND EQUIPMENT 


The Taut Wire Mooring 


A total of nine moorings were established in the Can- 
yon during the course of this investigation. Actual loca- 
tions of the moorings are shown in Figure 2. The February 
1968 mooring was placed further down the Canyon axis to 
investigate how the flow varied along the Canyon axis. 

Experimentation with various taut wire moorings in 
March and April 1967 resulted in the design of the basic 
taut wire mooring system that was used with little modifi- 
cation throughout the observational program. The taut 
wire mooring is shown in Figure 3. The Navy 63 foot Hydro- 
graphic Research Vessel was used for the launching and re- 
covery of all moorings. 

The mooring eck iaaw of an expendable section anda 
recoverable section. The expendable section consisted of an 
anchor and mooring line. The anchor was a 55 gallon cement 
filled oil drum. It was connected to the recoverable section 
by a timed release with 5 meters of 3/8 inch nylon line. The 
recoverable section was made up of the release mechanism, 

10 meters of 3/8 inch polypropylene line, the Savonius rotor 
current measuring system, 10 meters of 3/8 inch polypropylene 
line, and the buoyancy-recovery float. Swivels were inserted 
at each shackle connection to allow free rotation. Buoyancy 
was provided by three 18 inch glass floats. A large vane 

(2 feet by 3 feet) and a meter mounting frame were construct- 


ed to relieve the strain on the current measuring system, 
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Figure 3. The Taunt Wire Mooring 


and to provide rotational stability. The stabilizer vane was 
balanced by a fourth 18 inch glass float attached opposite 
the vane. 

Difficulties in recovering the January mooring led to 
some- modifications of the mooring rig. The anchor weight 
was increased from 300 to 540 pounds and the two 10 meter 
Polypropylene lines were replaced with two 10 meter 5/32 
inch stainless steel wires. 

The Current Measuring System 

The sensor used in this investigation was a Model 501B 
Savonius current meter, manufactured by Hydro Products, 

San Diego, California. Specifications mentioned in this 
section are furnished by the manufacturer. The system in- 
cludes a Savonius rotor, direction vane, thermistor and 
electronics sphere. 

The Savonius rotor, mounted on carbide to carbide 
bearings, rotates at an angular rate proportional to the 
speed of the water flow. The rotation rate is determined 
from a magnetic pick-up whose output is a pulsed DC voltage. 
Accuracy of the speed measurement is + 3 per cent of the 
reading over the range of .05 to 7.0 knots. A satisfactory 
linearity check of the output of the two rotors used was 
made in April, 1968. (Figure 4) 

Current direction is measured with reference to mag- 
netic north. A magnetic compass, located under the vane, is 
magnetically coupled to the slider of a low torque potentio- 
meter. By applying fixed voltage across the potentiometer 


the voltage output on the slider is proportional to the 


iS, 


degree of travel from magnetic north. Accuracy of the 
direction value is + 5 degrees. 

The thermistor is embedded within the aluminum housing = 
of the electronics sphere. It is accurate to within + 3 per 
cent of the value over a range of zero to 40 degrees Cel- 
sius. The thermistor stability is less than one per cent 
error in 2/4 hoursiy 

The electronics sphere contains the electronic circuit- '' 
ry, Rustrak two inch strip chart recorder, six volt nickel 
cadmium battery and clock timer. Current speed readout cir- 
cuitry consists of a pulse rate counter which generates a 
DC voltage proportional to the number of pulses reveived 
from the rotor. This DC level is recorded as current speed. 
Current direction readout is the amplified -DC voltage from 
the compass slider. Water temperature is recorded on the 
strip chart as a measure of the DC level from the thermistor 
bridge. The three DC outputs are applied through a switch- 
ing system to the recorder. 

The current meter weighs 38 pounds in sea water and 
its frame is 102 cm. in length by 40 cm. in width. Table I 
is a summary of the manufacturer's measuring system specifi- 
cations. 

The Release Mechanism 

A timed release, the Braincon 422 release mechanism, - 
manufactured by Braincon Corporation, Marion, Massachusetts, 
was used to permit the measuring ageing to return to the 
surface for recovery. After the timer counts down to the 


preset release time an explasive squib is activated which 
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Linearity Cheek of the Savonius Rotors. 
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(input speed determined by equivalent rotor revolutions) 


TABLE I 


Savonius Current Meter Specifications 


Reade cen SATE REL OS seep A ne" On aan, 
$e sto Root ae. 


{SE Eee eS econ a 


Speed Direction Temperature 


353. (+ 23° 


Accuracy 


Savonius Rotor 


Revolutions at 1-knot.....2..+<+.83.5 RPM 

THY BGI 0 Whe hie es ewes tee ho 5 33.85 Knsit 

CONTLUCCLON. 1. cece weeds cswwcenecaePOlystyrene rotor in 
304 S/S housing 


iJ 


Compass 3 : ~ 


Potentiometer resistance.........10K ohms +5% 
TANS RT HIT, 8 Ns esate we oe te wie we « AR 


Thermistor 


Linearity... ee eevee eee eee eee ese t2% maximum deriva- 
tive from straight 
line characteristics. 
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allows the release to disengage from the mooring line. The 


weight of the release in water is 17 pounds. 


Mooring Procedure 


Navigation was by radar and visual fixes on numerous 
navigational aids in the Moss Landing area. Depths were 
determined using a Precision Depth Recorder. At the mooring 
site the array was launched by lowering the recoverable por- 
tion of the moor into the water. The vessel was then pre- 
cisely positioned over the desired canyon location and the 
weight launched. Table II, a summary of the observation 


program, contains positions and depths of the moorings. 
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START/FINISH | RECORD 
TIME (Local) LENGTH POSTION 
, 221000 Mar 67 36048.09'N 
| to {50 hrs. | 121°48.53'w 
41340 Mar 67} 
101048 Apr 67! 36948.10'N 
to 121°48.60'W 
111454 Apr eae" hrs. | 
241110 Nov 67! / 36948.15'N | 
to +56 hrs. 121°48.40'W 
| 262210 Nov 67) 
{ 
1151426 Jan 68, . 36°48.10'N 
to '153 hrs.,121°948.60'wW 
| 212326 Jan 68 | 
' } 
| | 
| | : 
290945 Feb 68 | 36047.92'N 
to 52 hess 120951 05 Sw 
; 021410 Mar 68. 
: 
{ 
i} 
; 181610 Apr 68 | 36048.18'N 
i to 5 hrs. ;121°948.18'w 
; 251439 Apr 68 
PM 2? ibs Ss 
| 984307 Apr 68 | 36048.18'N 
| to 0 hrs. 121048. 15'wW 
| 071436 May 68 | 
'071515 May 68: | 36°48.19'N 
: to iO hrs. '121048.20'w 
141428 May 68 | 
— i tenes as eT es et - 
'141520 May 68 36048.08'N 
to 162 hrs. 121948.52'w 
211526 


TABLE II 


Observation Program 


May 68, 
} 


REMARKS/ 


DEPTH MALFUNCTIONS 
119 | Testing Taut-Moor 
} 
is 4 
{421 m.| Testing Taut-Moor 
| ; with surface nae very 
buoy. 
| 
| 128 m., Ceased recording at 
262210, normal re- 
! covery at 272310 Nov 
C7. « 
133 m.' Recovered buoyancy | 


float by dragging 
201500 Jan 68. Re- 
covered meter by 
dragging 081400 Feb 
68. Squib failed to 
' fire after clock time’ 
: expired. i 


4 
165 He 


Recovered in. surf off! 
‘ Moss Landing 20 Mar 
68. Time release 
failed to disengage 
after squib fired. 
Speed rotor malfunc- 
tion atter $2) hes. 


ee eee ee: a 


110 m. Meter nalsiaeticn) 
launched.with dif- 
ficulty in heavy 


seas. 


Meter malfunction, 
electronics failure 


108 m. : Meter malfunction, 


‘electronic failure. 


a 


; 104 m. ; Normal recovery at 
! + 211535 May 68. 


role 
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IV. DATA ANALYSIS 


Sampling Procedure and Data Reduction 


The Rustrak recorder provided a record of temperature, 

\"e speed, and direction with time, The recording cycle of the 
| current measurement system is 7.5 minutes, during which 

speed and temperature inputs are recorded for a period of 
| 1.5 minutes, then the input is switched to speed and direc- 
tion for 5 minutes. Each input is recorded every 4 seconds. 
3 Upon completion of the speed/direction cycle the recorder 
then starts another cycle by switching to the speed/tenpera- 
ture input. As a result of this switching sequence, during 
‘ each cycle 6.5 minutes of speed values, 1.5 minutes of temp- 


erature values, and 5 minutes of direction values are re- 


corded. 
: 
bf A sampling interval of 3.75 minutes (.0625 hours) was 
| used to convert the record to digital form, except for 


temperature which was sampled every 7.5 ninauem. This samp- 
ling interval allowed analysis of frequencies between zero 
and 0.133 cycles per minute, the "cut-off" or Nyquist fre- 
quency. Transfer of the readings to IBM punch cards was done 
by personnel at the Postgraduate School Computer Facility. 
The data was then run camoupe a data adjustment and listing 
computer program which inserted an interpolated temperature 
for every other temperature data point and converted the 

. magnetic directions to true directions. 


Elementary Statistics 


"CURRENT"*, a FORTRAN IV computer program, was then 
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ESERIES 


written to compute and display the following statistics of 


the temperature,speed, and direction time series: 


(1) Hourly means 

(2) Daily means, medians, modes, and frequency 
distributions 

C3)) Time series means, medians, modes, variances, 


standard deviations and frequency distributions 


(4) A graphical output of the three time series and 
the frequency distributions. 


These elementary statistics were computed using standard 
techniques with the exception of direction means which 
were computed by the method of Webster (1964). 
Power Spectra Analysis 

Spectral analysis was applied to the individual time 
series to divide the variance of the time series into dis- 
crete frequency bands. The power spectrum provides a meas» 
ure of the density of the variance as a function of fre- 
quency. Power spectral computations were done using computer 
program BMDO2T, written by Health Science Associates, UCLA. 


Power Spectra Computational Procedure 


For the observed discrete time series X,', i=1,2,..,n, 


the mean (m,) is computed. 


n 
mn, = n > XK; (I) 
pay 


where n is the number of discrete values in the series. 
The autocovariance (R, (P)) is then computed from the wa 


equation: 


iL ' ’ 
R, (P) N-P Ke Fey up , P20,1,2,..,m (DB) 
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where m is the maximum number of lags. 
A detrending algorithm is applied to remove the very 


long period trends. 

| 2 . 
. a, (P) = R,@) - m, as A Ty Oy (ita) 
where: De = 10, Lec ce Ws 


Ap (nat) [1-2 (€)-2 Ey | 


" n kK 
a K(at)(-k) 2% > 2% 


At is the sampling interval 
k is the integer part of 3 


A, (P) is the autocovariance of the series X 


after detrending. 


‘ The raw estimates of the power spectrum are obtained by: 
(h) = Zab (2) oe how 
Py = €, A,’ cos = (Iv) 
Ps0 
where: bY = Obl, 25) see patie 


€ “fhe O<Pgm 
ae ES 
=e. P=0,m 


The raw estimates of the power spectrum are then f 


smoothed by "hamming": 


sp, (0) = 54 PO), yep) 
sP,(h) = 23RD, sypihy azPibrl) | oehem (v) 
4 sp, (m) = 4 PMs, gop (md | 
Pr where SP,(h) is the smoothed power spectrum. 
| 


The smooth estimate of the power spectrum has a chi- 


Square distribution with v degrees of freedom. According 
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to Blackman and Tukey (1958), the degrees of freedom for a 


discrete time series may be approximated by: 


< 
Ul 
3 [3 


(vz) 


where n is the number of data points and m is the maximum 


number of lags. 


Borgman (1967), according to Collins (1967), gives 


the 90% confidence interval as: 


SP, (f) , SP, (+) (vIz) 
x (0.95) X *(0.05) 
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V. RESULTS 


Seven records of temperature, current speed and direc- 


tion were obtained during the investigation. The April 1968 


record is not suitable for analysis since it contains only 


five hours of data. 
Summary 

The computer drawn graphical displays of the November 
1967, January 1968, February 1968, and May 1968 records are 
reproduced in Figures'5 through 8. The cyclic character of 
the temperature record is more readily distinguished than 


that of the direction and speed records. Considerable noise 


an a maine eisetinnchacnen ec veel att tearm teste fs tat Re A i AN. mt ep ne 


is evident in the direction records since the direction 
vane tends to "hunt" at low current speeds. Visual correla- | 
tion of the individual records show that, in most instances, 
an increase in current speed is accompanied by a decrease 
in water temperature. The regular bursts of high speed 
current seem to occur consistently in an up-canyon direction, 
This relationship is not present in all records, but would 
tend to indicate movement of colder water up the Canyon 
head. | 
The frequency distributions of temperature, speed and | 
direction are shown in Figures 9, 10 and 11 respectively. 
The temperature distributions reflect the seasonal nature 
of the Monterey Bay waters. A narrow distribution of cold 
. water (8 - 10°C) is evident in February, March, April and 
May. The temperature distribution in November and January 


is quite wide (8 - 14°C) and shows much warmer temperatures. 
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Figure 5. Display of November 1967 Time Series 
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These water temperature characteristics agree with seasonal 
data for this location reported by Keene and Middékburg 
(1967, 1968) . = 
The frequency distributions of current speed all show 
skewness towards lower speeds. Mode values vary between 
0.08 Knot diwd 0.75) knot. Speeds were recorded over a range 
of (0 to DAnO? Enote 
The distributions of direction of the current show wide 
variability between records. The single mode in November 
1967 indicates down-canyon flow during most of the record- 
ing period. April 1967, January 1968, and February 1968 
freyguency distributions are clearly bimodal indicating cur- 
rent reversals. The direction of flow is predominantly along 
the approximate canyon axis, however, other direction fre- 
quency peaks do exist. Variations in topography at the ; 
measuring station almost certainly affect the current direc- 
tion. 
Table III shows a summary of the elementary statistics 
of the current for the seven time series. The mean tempera- 
tures agree with the seasonal means for the region while an 
overall standard deviation of the temperature values is 
approximately 0.5 degree. Current speed averages about 
0.23 knot with a standard deviation of 0.17 knot. The high 
variance of current direction reflects the variability of a 
this parameter and agrees with the multimodal character of 
the direction frequency distributions. 
Power spectra of the temperature, speed and direction 


time series are shown in Figures 12, 13 and 14 respective- 
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TABLE III 
Summary of Current Statistics 


TEMPERATURE (degrees Celsius) 


Date Hours Mean Median Mode Variance Std.Dev. 
(degrees) 2 


oy, 50 S23 Bia3 2) SHG aS 2) O29 0.54 

67 28 8.6 8.5 S.7 (68.9) 0.06 0.24 

67 56 aly iba oe} 10.8(14.3) 0.20 0.47 

68 4153 hs] 10.0 TOF IC Gr, 79) 0.84 0.92 

68 52 Syi9 Chis 2} B...9 (24 23) 0.22 0.49 

68 > 6 i] 625 3.5 (63.3) 0.02 0.08 4 
May 68 162 STEN 9.0 9.0(29.4) OP abs) 0.43 


SPEED (knots) 


Date Hours Mean Median Mode Variance Std.Dev. 
(knots) 2 
Mar 67 50 OR ws OF. 7 Oral Oily 2) 0.01 One 
Apr 67 28 On, 2h Of LS OF. 15 (26: . 6) 0.04 0.20 
iNov 67 56 0227 Ose 0.08(17.0) 0.04 0. 20 
iJan 68 163 0.22 OLS OLS Aa8). 78 0.03 Ons LG 
iFeb 68 52 ORsL OF 5) 0.0/8 Cia. 2) 0.06 0.24 
{Apr 68 5) Or 0.0 0.10(46.2) G01 O'2019 
{May 68 162 O17 (0) lS 0.10(24.4) 0.02 Oj.2 


DIRECTION (degrees true) 


—_ 


vows 


Date Hours Mean Median Mode Variance Std.Dev. 
(degrees) 2 


Sat O_S Hr tees. 


Mar 67 50 286 275 300(18.9) 9241 96 
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Frequency distribution of Temperature. 
(per cent of data vs. temperature in degrees Celsius) 
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Figure 10. Frequency Distribution of Speed 
(per cent of data vs. speed in knots) 
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Figure lle Frequency Distribution of Direction 
(per cent of data vs. direction in degrees true) 
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Figure 13, Power Spectra of Speed 
(normalized energy density vse period in hours) 


$ 90 per cent confidence interval 
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Figure 1). Power Spectra of Direction 
(normalized energy density vs. period in hours) 


} 90 per cent confidence interval 
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ly. The spectral estimates of temperature show a prominent 
peak at 12 hours in all records except April 1967 which shows 
a peak at 8 hours. This 8 hour peak may be in error as the 
April 1967 time series covered only 28 hours. The power 
spectra of the speed time series all show peaks at 12 hours : 
and also indicate considerable energy in periods between 4 
to 6 hours and 2 to 3 hours. Spectral estimates of direc- 
tion also show the prominent 12 hour peak as well as signi- 
ficant energy in»yperiods between 2 to 4 hours. The consis- 
tent energy peak at 12 hours indicates a strong association 
of the measured parameters with the semidiurnal tidal com- 
ponent. Speed oscillations of 4 to 6 hour periods would a 
seem to depend on the strength of the semidiurnal component. 
It seems reasonable that the current speed would exhibit an 
oscillation at twice the tidal frequency since, ideally, a A 
current responding to a strong semidiurnal tidal force would 
pulse twice between tidal maxima. 
The direct correlation of the canyon currents and the 
marigram from Monterey Bay was examined for the November 
1967, January 1968 and February 1968 records. The marigram 
is sketched on the January record in Figure 6. In this re- 
cord there appears to be no clear-cut, direct relationship 
between the tidal movement and the canyon current. The 
direction of flow, while cyclic in character, appears to 
show only qualitative correlation with the tidal movement. 
Peak speeds appear to show good correlation with periods of : 


maximum flood and ebb but this relationship becomes vague 


after about four days. The other two records show similar 


behavior. 

Extremely rapid speed changes were characteristic fea- 
tures of all records. The high speed bursts generally 
reached maximum speed within three minutes of their initia- 
tion. A speed increase of 0.80 knots was recorded ina 
1.5 minute period in November 1967, After attaining maxi- 
mum speed a slow decrease usually occured after 20 te 30 
minutes, Sustained speeds in excess of 0.80 knot were ob- 


served on several occasions to continue for at least one 


hour. 


VI. CONCLUSIONS AND RECOMMENDATIONS 


Accurate continuous current measurements 15 meters 
above the bottom at the head of Monterey Canyon have been 
collected. The measurements have been discussed in the pre- 
vious chapter. The need for an even longer series of current 
measurements in submarine canyons still exists. The valid- 
ity of near-bottom current data is enhanced by the use of 
a taut wire mooring which eliminates the pztbite oF induced 
motion in surface moors. 

This investigation has shown that currents in the head 
of Monterey Canyon are responsive to the tidal cycle. Move- 
ment of colder water in an up-canyon (coastward) direction 
appears in a number of instances in the records examined. 
This water motion is strongly associated with the semidiur- 
nal constituent of the tide. A typical 12 hour current cycle 
consists of high speed (0.75 knot)bursts of cold water 
moving up-canyon along the canyon axis. As the ° upwelling 
cold water slows to a stop, a warmer down-canyon current 
reverses the current direction. Power spectral analysis 
indicates a dominant period of current motion at about 12 
hours. The precise relationship between the tidal movement 
and the canyon currents is not fully understood and should 
be the subject of further study. 

Current speed in Monterey Canyon appears to be somewhat 
higher than speeds previously measured in this canyon and 


in others. In all cases where the length of the observation 


covered at least one full tidal cycle, speeds in excess of 


0.60 knot were measured. Rapid speed changes occur at fre- 
quent intervals with speeds greater than 0.80 knot sustained 
for periods of up to one hour. 

Although it appears that the tide is the dominant factor 
in currents in the head of the canyon, the appearance of sub- 
tidal oscillatory frequencies in most spectra would indicate 
other short-period cyclic processes modifying the current. 
Sub-tidal oscillations of 19 to 39 minutes have been re- 
ported in Monterey Bay (Raines, 1967). A more detailed 
analysis of these oscillations would be possible if that 
part of the spectra responsive to tide were filtered out of 
the record and the residual current studied. Resolution in 


the unfiltered power spectra does not permit the author 


to examine this feature. 
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